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Board (DDESB) using funds provided by that organization. The work was identified by Army
Program Element Number 6.57.02.A and Project and Task Area Number 4A765702M857.

Based on data derived from the test, DDESB has made significant gains in information relating
to hazards criteria.

This report has bean reviewed for technical accuracy by DDESB 1staff members Mr. Russel G.
Perkins and Dr. Thomas A Zaker. Mr. Perkins and Dr. Zaker also played major roles in the design of
the test,

Captain Peter F. Klein, USN, Chairman of DDESB, provided technical, administrative, and
policy guidance during the preparation, execution, and reporting of the test.

Released by Under authority of
M. W. DIXON, Cdr., UJSN W. R. HATTABAUGH, Director
Head, Projects Office Jiest and Evaluation Directorate
31 March 1977

NWC Technical Publication 5873

Published bv ........... . .. .. ................ Technical Inlkrnation Department

(Collation ............. (over, 27 leaves
First printing ..... ............ ............ .... ..... .1 05 unnumbered copies



I \( I /iSlI It 1)
I'l CUNR1 TY L A5I- IC ATION OF THIS P AGtE + ('+1,., I'In F ritered)

REPORT DOCUMENTATION PAGE BEFORE COMPLENTING FORM

ESKIMO IV MAGAZINE SEPARATION TEST,___ .. R... . .R

I, NOTN6. PERFORMING ORG. REPORT NUMBER

i 7 AUTHOR(o) •V S¢NTR ACT OPR GRAN T NkIM.31ER{'s)

.. ._ _.._ _ .. .

LF -n~ SoII, 4-\?O Y 1RfE~EE

F. H . eals Q0 C'. f[, ilsun
K9 PERORMING MRGANIZATION NAME AND ADDRESS T0, PROGRAM ELEMENT. PROJECT, TASK

AREA & WORK UNIT NUMBERS

Naval Weapons Center L"* . .; 6.57.02.A
China Lak(, CA 93555 / 4A76570I2M857,

II. CONTROLLING OF:FCE N AME AND ADONESS 12 -R PORT DArE

Department of Defense Explosives Safety Board
Washington, D.C. 20314

IA MONITORING AGENCY NAME & ,,DDRESS(It dffter.nt trim Controlling Otfice) 5 SECURITY CLASS. (o. t

UNCLASSIFIED

rS.i rDECL ASSIFICATION DOWNGRADING
SCHEDULE

16 rGISTRIBUTION STATEMENT (of this R~port)

Approved tor public release; distribution unlimited,

17. DISTRIBUT-ON STATEMkjENT (of (he abstract entered In Block 20, If different from Report)

18 SLUPPL.EMENTA.RY NOTEL

IS KISY WGFtO.D :Co,,r~ot oc r.evo ,lds Id it c ai.-y d (d.'nif7, by block n-tnwh-r)

I)etoinationi 1e'Is, I SK INIO IV Igloo StIUctuICs, IlCsI ol
ESKIMO IV I nst It.llilietl o
ixplh ives lialards lest Nlaga/ilc SCI)pai~aI10 It est

201 ABSITRACT (ContinUe. .r• .r• .. *Id, If r(.c.0..ry .nd Idonrlfy by bi,-k n.,.b'r)

See hailk (I tunt

DD Io.M 1473 ForoN OF 1 NOV i5 iS OuSOLEc tI N( i A,' II I I)
I;,L / , :,I N 01110 2 114 - 6 6 . . . . .. . . . . . . .. . . . . ... . .. . . .

SSECORITY CL A$SF1CATION OF THIS PAGE (W 1.o 0.1s Ented)

-r



IN('I ASSI , 1H)

lt T',y CL.ASSIFIC A• IN OF" THIS PAGE,6hn D.ta ri fet~rd)

hSKIJM0 IV Magazine Separation Test. by F. H.- Weals and C. Il.
Wilson. China Lake, Calif., Naval Weapons Center, 31 March 1977. 52 pp.

'•NWC 5873. publication UNCLASSIFIED.)
"in an instrumented test in September 1975 at tile Naval Weapons

Certcr, approximately 37,000 pounds (16 783 kilograms) of trinitrot•oluene
(TNT) explosive contained in a hemisphere built of 8-pound (3.6-kilogram)
blocks weie detonated by means of an initiatieo, system located at the
center of the base of the hemisphere. The riincipal objective was to
demonstrate the resistance of a newly deF.gned headwall and door
combination to blast simulating that possible at the minimurm, front-to-rear
spacing now permitted for standard earth-covered magazines. The test

demonstrated this headwall and door design to be well balanced and
completely effective in preventing cmmunication of explosion between
magazines in a front-to-rear exposure at a distance inl feet of 2.0 X Wý', C

where W is the weight in pounds of the high explosive that detonates.
Additionally, the results confirmed the ability of the single-leaf,

sliding door to tnaintain its structural integrity whether mounted on a new
structure or on an existing headwail. The results also demonstrated an
imbalance in strength between this dooi and the existing headwalls built
according to OCE standard drawing 33-15-64. The report contains data on
igloo damage ind structural motion and air-blast nmeasurements at the site.

tN( I .'-,s-, II II

El' tjRl I Y CLI ASS IF ICA tIOmN (F 111'S P AGFr0,1,, DW.I ,.,J



NVWC IP K,'3

CONTENTS

Intr lduction ........................ .................. 3

(,eneral Description ..... ............................. . ............... . 4

"lest O bljectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Test L"yout 4

T est A a y.. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

l x plo sio ii S o um ce . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . 5

In s(t I m e l a tio l . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .6.. . . . . . . . .. . . . . . . .

lest R esults . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ne Iral. ............................................................... .. 7
served Strctoral Response... ............................................... 7

('o In c !Lsi() I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Il 8 ....... ... . .
T ,,i

7 1~b 1:,, ;•. U[I•[

.1



N Vl/f. 1 P ,9/

INTRODUC[ION

At the r equest of' thle Department of' Del'ense E xplosives Saf'ety Board (I)I)ESII I the Naval
Weapons Centel ( NW( ) inl September 1975 conidtucted at the Randsbtrrg Wash Test Range a
large-scale explosives hazardls test r twit as F SKI NI 0 IV, ~I:SKINMO is aLin acrottyt it br Lplostve

Saf~ety Knowledge IMprosertient Operationi.) This was the fotoith inl a seties of'tl-cl tests of'
earthi-ctvered magazines spomisred by thre DDI:SB. The rnain purpolse of' this test was to esahiate a

flew hieadwall attd door combitnration by exposing it to explosive blas"t loaditig, sillttilatilig that frontl
detonation of, the conitenits of, anotheri inaga 'inc filled wjith miss-detornititte explosive.s at thle
mniniumn t oit-to)-rear spacinlg nowk p~ermlitted by statilda 11. This designt tad niot been tested (1uderC
Ithese contdit ions.

ESKIMIO 1, the tint test, was condticted itl Decemiber 1 971 to deltrittine a safe, practicable
minimorLti) Senaratiton d1tstanCe lor lace-on exposores of' U.S. Armty standard steel-arch mlagaz inIes.
Expl'tsiout commor~icatiolt Occurred to :ill acceptot igloo of' t his desigit at a disratice in feet equald to

1-95 X W1/3, ill whlichl is tire scighit ill pot)(,ts of' tte htighi explosive inl storge, holt faile]d to
orcctur at a distanice of 2).u X IA'1 1/3 to tire carl of tilte dortor. Futrthler. tite tc:st resealed that saf ,etyv

atnd ecioroiny might lhe irtcrcased titrotigl intproved desigi tofr closer balance itl strenitgt Itetweeir thle
doors mttd licadwall o' tlte magazine. (A nuinliritnt sepairationl distittQ'C itl feet equIal to I.'?5 X W1 /3

inl cnstomrttr tiunits is eqttal to appirrxiitately' 0.5 inl mtieric units. inl which tilte sepaiatioir distance is

ill mteters arid W i, in kiI)LetarrIs.
FSKIM() 11 was cittducted ill MasN 97.3 to appraise inagazitie ditto artd hteadwail designs.-' A

large, sitgle-leari sliding" door wit listooti lilt blast wcith Ii itirot distoriioi ltliittoglt tile :'ccoinlparyiiug

iCadiwalls SLtstaiiiedl severe damage. A Sr radles type licadwaVll, on rite other oi:ld. irieni red only mirror
daritige. lIt nidtiriurt tile tony 1ircitlar ( oval) steel arcft tested Wilit rtie StraidlCýleitedWall withstood rtie
blast wtihotit bwiektip to severe dtsioritior.

I SKIfIO Ill was conducIlted Ill hite 1974 to fuitlter e~tetid tire sluds' it expl sive-sior ge
rtagi/ities, uisillg tutfoittiatl deitiveed tfrorm I:SKI\I() I arid II.- A further test ot' tile oval arch inld
Stiadley-type teaidw~til. I SKiNIf) Ill iseil st iouitres rerirairittg troi I SKIMIO I1, rebuilt as necessary,
as well as niew cinistrictliuiut Igloi It, t ite os;il-aio.It itiagazitie tested ill LSKIMO II, wats t ifted with a

neCwly designled Strarl(Vleytpe l~ieidssall svithi a sitigle-leat', sliding door. FSKIMO If had piovert tiat

lfie Stradiey-i 'ype Ietedwall could witlistaid ai lace-unl inuptiulse ol I,,St) ps~i-is (1- 0006 kIai-its) aitd
that tire steel tvialarel igloo euruil wt lisiarid the lace-ott iniptilses generated(d by that chlagcý. ISKIMti
Ill re'iled the tlrility ofl hit new lteaditlwl t, withisiand ilte side-nit blast imrposetd by thle explosioni of

at' idacetit iriaga/nie.

Njv (,wet, t tl! I-SAltY1) / %ta,u:'w "a l et n fst 1,v -tsk i W1 t-!. (t1111a 1Lk C alt

N\pi , iicui- 'l/,, '"i lt, (N's'( ItV', -5 pWut, inm I Ni) M $-I 1 iii

--ur, "0 1-'ril pL.`rK-U 6' PL'I
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GE~NERAL D)ESCRIPTION

ESKIMo IV cotitinuedi the study of' explosive--storage intagaiines. using informnation t'rolls tile
pli or tests ill thle ! SKIMC) serie:,. [le door and hecadwall cottbjillttio! used onl the oval-arch magazine
was again tested in ESKIMO IV hut with faee-on blast loading as cunpared witl dishe side-on loading
expel ienced with ESKINIO 111. Tie door that had [allen off its supports in ESKIMO ill was rehiung
ill p)ositioni. ESKiMO IV provi(led the initial test of' tire comhitta non of' a newly designed heoadwall
and single-piece, sliding door Under tace-oii loading. ESKIMO IV also included a rebuilt standard

alheadwall and doors (0(1. S~and!)rd drawing 33-I15-64) as a cointrol st rocture, arid a single-piece, sliding
u Ioor, remaining firot ESKIMIO Ill, in cominbiation with a rebuilt standard hecadwall.

a ~This repo(rt discusses ESKIMO IV, its objectives, procedures, and results, and the conclusions
drawn from diese results,.

te TEST OBJECTIVES

-t lie pritoiary Objective was to demionstrate the resistance (it a newly designed headwallI and
door coinbinlat ion to blast simutlaing that possible at thle mlitliiiootu1 trout-to-rear spacing now

0 ~~~permit ted tbir t lie semticir-colar anid other standard carthI-covered magazines. Othlei objectives were

.'lest of, iingle-leaf. sliding door installed onl a standard headwall (Igloo E ) at a level of blast
load ing equoal to th at experienced isy t he newvly designed headwall and door combhinat ion described

3 above.
2.Acrpiisitioit of' data onl respoilse of' standard ;ieadwall anid standard dotible-leaf, hinged door

S io, Nast loaidiil ho its a heiloispleieical charge ott JNF, tic blast characteristics of' which are well
kiio vii.

TEST LAYOUT'

TEST ARRAY

1lie FSKIM0 I 10'\/ test 1 i C oil-i"Isle (4 three maga/ilie rluctiiies each taciltigftle explnsionl

source 141 feet (45 iuclietis disltat ais SliOWit ill EigUrC I. [ lie 01ii:.0t iioii Of' thle v,1iiiUiS Atept ltr
igloos is tescrilted iii table I1. aitl steel-artl cotisti teflonl is. ilttsist, i I- iguic 2) lOoi con' I lct lol
for eac~h Igloo is iicsciibed wi tablec .'..:1iid dint type,~ iw ililosiate. i lic .;.

[The 1poitiaiy target sirujetute w&f tlie forthteast tiag'a/itie (Iý'.- lht, conlsistingý Of A siiil-l~ CA',
"-lidiiig dool spauliiiii a I t-bOoo (3.-iiwere) hlorienital Openinig mid itiotliiidi on1 a miodification of tile
xi ld wa I o' a1 oandl L ii t Sad lev iitai hle hieadwall and dooi comibintiaron was dtcdgtied for tire

EýSKIMO wlci i ,t 13i,1BA & Veatli~ uoidet thle supcrvisnol ot the OfficeL, C hief o!f liigiiiccils I lie
1-1oiliTiatinli WZ:,: built I)Ni io I SKIM() Ill ha tea, of the int,u ii i~i ;oh tiuderhicatea cxpI()lstve

mtid -sa! oily .di 5lthlk lnii:.rgtd !1i that! te"t.
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[he front (t tie east magazine (Igloo D) was rebuilt as hefore with the headwall and tie
two leaf, hinged, st(el-pla1e too of the stmndard circu!lar steel-arch magazine. Exps sed to the same
level of loading as nie lllary, it served :1s a control structure to demonstrate directlv the relative
strei.gth of the r al get.

The West magazine (Igloo )F was Aso rebuilt with the headwall of the standard circular
steel-arch h aga,'le, but eitted with a sin gle-leaf, sliding door retnaining from ESKIMO III and Only
slightly damaged in that test. lids combination was -ticd inconclusively in ESKIMO II, but the
response to overload in that test indicated a SCrioLS imbalance in strength between the door and the
headwall. II a :elated (front-to-side) exposure in ESKIMO 111, instrument records gave no direct
measure of impuIlse load. and the light damage observed suggested a possihle undertest in that case
due to shielding by othet strtctures.

The ESKIMO IV test utilized a nearly ideal explosion source to generate blast loading. It
afforded tile opportunity lol toore extensive source diagnostics and dynamic response Ifleasurelnents
on the target structures than did previous tests of the ESKIMO series. As in ESKIMO Ill, token
explosive charges were not used as indicators of explosion communication; instead, more detailed
response measurements and damage observations were substituted for this purpose.

EXPLOSION SOURCE

The donor charge consisted of approximately 37,000 pounds (16 783 kilograms) of TNT
explosive contained in a hemisphele built of 8-pound (3.6-kilogram) blocks that were detonated by
means of an initiation system located at the center of the base of the hemisphere. To ensure that
the proper tinumber of TNT blocks were placed in the stack to provide a total closely approximating
37.000 pounds (16 783 kilograms), the individual biocks in six randomly selected boxes were
weighed. tach box contained eight TNT blocks. Of the 48 blocks weighed, the lightest was, 7.71
poun ds (3.497 kilograms) and the heaviest was 8.53 pounds (3.809 kilograms). The average TNT
weight per hblck was 8.0129 pounis (3.642 kilograms). All v:ilues represent not I'N'I weight, the
weighlt of tite paper heitig deducted.

I lie explosive stacking plan called for 4,1_25 teCtarigUlar blocks of INT. l'ouL bhlocks at tite
*,:ettter ot the hasc ol tile lertisphere were replaced with a boostel of plastic explosive ('-4. '1 huts, a
total of 4,62t blocks of IN I weie stacked irt tile shape (f a solid, stable hertisphere in accoldalte
with the pailer piovided bv 1)I)I.SB arol is illustrated hy Fiures 4, 5. 0, attd 7. DlemolitionI blocks
V1034 were ltnishbed by the spontiýr trot Ij.S. Ai tti soulrces al 1.etterkeuniy Army Depot.
('harbersiurg, Pa,

Au exphhIwsi deItliltlo iand toostCl s\'stetll wkAs ptovtded to etnsuire satle. lelia le ilritlalittll al
(lie celittt it the bhlge. Hle dtolloi stack was p~meld wth (-t 4 boostet Itmrbedded wiih toLut

Plliltaco i l e ]ad1 with pels.ss'ltl Caips (ligtile 8)
[Ihie 510 t'tl St/C Wv;tS Stlt'h JS it0 dupllcatc thle he-liteld peak ps-tstlte atld it tptlse otsetved at a

sACisul dtstan,' olt 2,0 ft/lb t , l ie teat ot the ( i lltiti ttprgaziinlc in SKIM IO Ill. whiicli conitailed
/.'I( f)-oull I .,4kJkilue,tv ti lt ittls' tilled will i a ttl of V'0,0tt pi lllills l(.5185 751 kilogiallis) ')

I l Ito l. I hu vill tsI l liserv,.l saltue,, lt peak pressii, c anmd ittpi wis' weie Itrl til tha• gc ofs t i t 5) Ii 5>,
,I 4 it' h /O kihips Ialsf Nt9 SSm i to( k ttt t)) -il( S ( to, -11 t t 7 kla.tis), icspetlivehy it call be

',howtl IIAll ww f~ > le.v<'l., v., [Ilh! b i td bk Ia0jk 1 L h , i /(A)tl1f pomi ( If, Ps / •kiio~gi i IIN I h1CIuI-.i'll.IC

cct' l!f Itcd .4 / lfecl (.IS miclcls) il•\ý,lv ;I oNisllolt l W ithtl lll. W I W h ('!I1C Of Iiw Cx. pIoI•S fI ýl llu'e Iii

-~~ ~~ ~~~ '-,K %IM { 11 : 11', .11lkll.tt +t I)CWinflt'd lilt' Ct't',liW iH~iL Wl ýl'C' 11:, rvmt'amlUliU ýi ll imn ISKINM( Ill
~~~~~~~~~tI hll ,lllltll .1l1l! j iill l mpt ttiil,vwý II ll ýnp ,ll •l il'1 I qll ll, l kdlC 111v~llit Imqwf m-Std tt'Nl

fi Sl



INSTRLUM ENTATION

Onl eclh targ1et nIalg,1ine hea dWaI II. peSSure gauLges were mounted flushl WithI the su~rface alt

poii~tionts slkox\ii inS Wires 1) and 10U. Nc -',i sig proce ssing aud recordtu g equipment was

Three10 air-I)ressure Vi"OSe Were providcd ;if the untohsntucted sector of' the igloo complex. Two
gauge5s were set atop th c arth till of Igloo B (Figure lbI)

Flout earth-pressure paugcs wcre unstalled in one cou,ýcrt thrust beam ot' lgloo B (F igue I I)
['llese cotisisled of, load cells meaC~su-ring the force usphiging onl a circular steel p~late I-inch Ithick and

8 iniches ill diiittieter.

II ilt ic Resea rch ILaboratories (BRIL) sel f-recording gauges f'or pressure me~isuriement in) three
direct otis inl file Ifir tield, asý showni inl Figu~re 12, were in'stalled.

1 ilhlc 31 slowsk hLNs LMauce illSt riuneis'Jtat iotn with1 anticipated .verpressurles.

Struictutre Rtesponse

I meAt dtsp1laciC eiit 11 aiisdfl"ic'Satid SM uiele-;'I ý s lCCkeICroi!1t('i' for taiu ii ot, d., nlame
strucrture rcspiise mitt hi~tkotieý sseie 11stalled atlo1t1 on th i11k t lf liedsal laissi ill Fin'urcs
1 3 anld 1 4. ljhile 4 lists, tilk ci:ceClei11ieter loc,'tiic, arIld ilie diit ictpatetd aICMCelrtioris

('riof to i lie te', Nii\e iioiniliiteits i1r1d heiclihiiaimk> okere used to detiulC rehiticeplans and
Io ohiain ilitiitil lireadssil mid1 fl,) iioirfoir'ý f peliliaricin dehnrMIAnoi eaietint fttat

J1,

,'er4 I muc Indctoii.i'r

/ci fii q~ I f il ( ds d( 1, i 1 Ill [iit k Ci do ' I % U N I ICW i ld i W I Ci i W,' 1('t L- 111110 If it o

ik )i11/ 1it I )~ pillI liii k.S i, 51.; c 1 I ll H'i s l lii l Ki I f:1 AI 'I l ii t 11u C siI! '
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TEST RESULTS

GENERAL

'rThe data recorded hy the BRL gauges ate suLImariced in Table 6 and are plotted it) F~igures
15 through 20.

A sunimary of elect ronic-blast and air-pressme gauge data is given in Table 7. Data plots for
the blast gauges are shlowi in Figures 21 through 241.

[able 8 lists accelerometer data recorded on tice headwal! in Igloo B only. The data are
plotted in Figures 25 and 2o.

Earth-pressure gauge data are given ii, TalIe 9 and are plotted iu Figure 27.
Linear-motion data recorded along 5various parts of the igloo, are listed in Table 10 and

displayed in Figures 28 through 30.
The overpressures lout records, of blast gauges placed at gound level that are piesented in

Figures 15 trhfoUgh 24 aLe comipared wilti a standard curve fo: hemispherical stacks of TNT in Figuie
31. The generally close agreement of overpressure values front this test with standard values -shows
that complete or luai-coilO]et dctollalizol of' the explosive stack was achieved. The comnparison Of all
gauges at Coilllparlabe positionI anl distances frtin the center of the expltosive source shows blast
SvN it eet iu.

ftigure 32 is an aelima \iev showintg pOtS-iesl conditions, ilclo1ding the crater eat of tile
explo:,s e .,stack adlldt Ilike.'IrIeg of' ttle glOtiild SurLace tea31 the site ti tile explosioni No ex tplalatioh l is
,tffered fr rlite ltoIiS tIIllnilcIwell diiritiiritt i t I lhe d:iokricd aiea. g;utrie 32 Als) show s several ponds
Of water. tmIt lttOst iti.Ata eb .iiie ,ll 'ce , ea;st of the ciater.

OBSERViEI) STRUC(TUR.AL RFSPONSI,

Igloo B (Northeast

h .I le ! l• IlIlkll~ I kl ,!H . ! l~l _T~ Alld ('\ ;eaC1W h<C' ,,,, IL' I•Cl- lllý h.1C ll I t, V I I t. !l ), I

', lli,h l i. W lily m lli•tl ld ad lhl I ot., fi tI, k (•o l •lk ',1111' ( :,il~g; ll ;illhl ',! Ipa ll I ill '0 11,.101C. \N.;1\ Aillt l ld

Itl'It' s rt. ttti I W llitCil I ll I ,tt;tt 1l fILI t/ll .tt t k i I d,•tt i iill-tlll-h dtl. xllh d ie t.ilf bllt eI

Ig tll I)1l1A1llt'd Al 1 0 A 1 1 l , wl l!1 1 11" ,I+' ,1 ll i t \•t.ci' •I,. l m l O w 1h 1k,

lhlalf, ",ltil' ti ,l lA l ll~ l t Ifill , "; 1 tht 11ph 0' tijC 11 , It JC',[ ',I ','.: ,O 1 II10h k B I 11,HIC W.I t h,Hd •.lt,•

ht1,Wt, Cill",, '.I.• ,l d I I•u , . l .ho+.x, po"I' h -".! 4,il,ll I r P l ,+ h ll ', ii+ ilt , ,, d ,m ýd ?h ,, B

F|" I



tailed ill a trshirini pieolionsly CX ej~eloI1C~l Wit! tINS deCsign b' MOinslig tlrIOugl thle dora I).ii

and into the nlaga/Inei initerior Fihe door rig~i h ight and iet't sidles wete she.le o

Cornereei iA11 al a~linmg atid pornianeit icheadwalldl II.rrittitrirt were grete tha thto

Igloo B hit conlsiderabis less tinin that of" [gloo F..

I i,,nies 42 dtI i oglr 44 S110%% po.st-te'st dalfage. and I igro 4ý depicts headsxall ntovehiint inl

Igloo D.

Igitio [ (West)

N.i: prior tests coinbinini tile singie-leat'. lmizointall\ spaninitg, slidinig door with the standard

reortorlced enlireete litariwall (per t3( j standard dra.winig 33-1 5-64), results showed ati imbalance itt

stricigt h between tile door andi tire wall. The door retained its basic integrity despite deformiationi,

bint tire lieadwall slittered snbstantial danrige. Inl ,tfect, flie door intercepted' the blast load and

;~auismitted it to the hecadwali. I hie early failire of' doors onl the east igloo (Igfloo D) resulted inl

relatiely less iooj load beitig trinsuitted to tite hteadwalls of this StrnIctnre..

Damage ito 1Hon) I is sliowti itt Iigiires 40 through 50. I-igUre 5! shows hieaidwall illovemetit
ill Igloo F.

C'ON CLU ISIONS

l~wlr& w nI)it plIlicel I)\ lie doirn sta(-k ofepIissWseserlil is peXdioted Andl pwoei Ilk

suiiiiilaied ,limd~twiti it .r slcald distance" lot '0 ti li tr cra ot tlh, oi uie/ir i

I S l'lillwa I lll. ~ "t oitirrlc !11pin kw ,t)rorol [hims tilledH'C1 I'l Iltotikl or n'Itt W10 ird

w5i 7 kr-lerarr11)w 1I Ilitirdl'i

iil/liii( st~lbls. Ii [.IrIJst CIjilJil'ir:ý t1 M\li "r'liO Iiii rilrris 1,i0rrrll ii ls t.t
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IGLOOS D AND E

IR1RI 2R1 ro,~ Seixov trin t Stc,+l- rtls ( iiistiilitiont tl't Iehii, il I SKI\I10
11 to't (I 30I5 litr

TARBLE 2 Door Co)Set: oCtion.

Door height andi width In each case was 10 feet (305
met ers)

lijito D,,er type Dnoor drawving

B Single leaf, slitting B lack &- Veal~ tOUintinumerers

(ilwg., 25 Oct 19/12

D Double ;eat, hinged OGE stdi dwgv 33 15-64

F SinglIe teat, siding Black & Veatch onriumlieed
dwg., 25 Oct 1972

Ii Itt I IN t I I I K I Nilii i I\ 1
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PLAN, LAYERS 1--12 196 BLOCKS

C-4 BOOSTER

I( ;tR l . 11 ii I S t e, i •o O () I i i .)c t i d l l dNI" i o N I ilrI St: 1ck.

PLAN, LAYERS 24-26 104 BLOCKS

F"'IGU/;RE I. II lo•ai.zdr l Sectiion ,f Ow. Quadrant of Uppei Puoiion ofl INI

onni S atJ.
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9 FT 2 Fl 10 FT

P1

3 FT

,,, --.. . 9 FT 6 IN.

E] LINEAR MOTION GAUGE fIVDT)
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AIR-PRESSWRE GAUGE (EL-ECT)
AT' MIDPOSITION, FORE AND PET,

F-T -B 39 FEE FROM HEADWALL

F-TCr-B
F- RS- B

EARTH-PRESSURE
GAUGES AT'
MIDPOINT F-i-B
ALONG CONCRETE -B
THRUST BEAM

K ~L
I I(1ýRl ItI. I'Iacmeti i ot Ai- and l'.irthi-I'r,ýsirc (;igcs on )r U~nder I':irth

*DISTANCES ARE IN FEET FROMb
CENTER OF DONOR CHARGE

01500
"ý-8 3 5 11OG

0 iYY~i-lb440
*0 - 0 C) 34

14 5 0 6. 0 ~'3'

45~(>. 250
~OIDONOR



TABLE 3, Schedule of Gauges for Measurement of Air Blast,

Piezoelectric or Strain-Gduge Type

Distance
from center of Estimated peak Calibrate

Gauge position explosive donor overpressure to overpressure

ft m psi kPa psi kPa

Mounted on igloo iheadwalls ...... 147 45 215 1482 400 2758
Ground level, northwest of donor 134 41 65 448 120 827

147 45 52 359 100 689

167 51 41 283 80 552

n earth fill over Igloo B ......... 187 57 32 221 60 414

BR L Self-Recording Gauges

Radial distance Number of gauges Estimated maximum Capsule
from donor.,._ D.NV!/3 p r - peak overpressure rating

f' m NW leg VW leg S leg psi k~a psi kPa

250 76 7.5 2 2 2a 17.0 117 25 172
334 102 10.0 2 2 2 10.0 69 15 103
440 i 134 13. 2 2 2 5.5 38 15 103
600 183 18.0 2 2 2 3.6 25 5 34
835 255 25.0 2 2 2 2.3 16 5 34

1,100 335 33.0 2 2 2 1.5 10 5 34
1.400_ 457__ 5.0 2 2 2 1o.0 7 1

U 250-ft (/6-m) position is osn solnlthwcsi lrlq ir lieu of st)utfi.
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TABLE 4. Schedule of Accelerometers.

Estimated
Position max, acceleration, Accelerometer

ii 1g rating, g

Door ........ ....... .......... 630 1,000

Headwall, away from door . 150 300

Headwall, near door ..... 200 300

TABLE 5. Camera Schedules.
A iField of
App~oximate v;ew Frames

Position distance Camera Coverage width per

identification f- seconrid
ft m f _

South or west .......... ..... 1,500 457 35 mm General site area, 400 22 120

donor and igloos

South ...... .............. 1,500 457 16mm General site area, 400 122 1,000

donor and igloos

South ...... ............. 1,500 457 16 mm Donor and Igloos 160 49 4,000

B and D

West (iii insti umentalt onI

bat r icade) .......... I 9.W1 290 16 in rr Center on igloos 400 122 4,000

oir hill west southwest

otf r11orlrnd zro . 1,500 457 16 rm Viewv t donor 400 122 400
: J nard Ilylnrmnm

______ _____II/r ( ~ ~ ~ ______



TABLE 6. Summary of BRL Gauge Data.

- Maximum
Position Distance Maximum Impulse

identifcation ft n) pi psi-ms kPa.ms mSdetf ain n psi kPa 1.m
INW 250 76 18.0521 124.46 332.78 2294.44 78.15
INW 250 76 15.2425 105.09 238.09 1641.57 57 87
2NW 334 102 9.4982 6549 78.08 538.34 22.45
3NW 440 134 8.0820 , 55.72 223.76 1542.77 105.56
4NW 600 183 37224 25.67 141.00 972.16 101.08

5NVW 835 255 2.4129 16.64 123.43 851.02 1"32.19
6NVV 1,100 335 1 6272 11.22 91.99 634.25 137,2i
7NW 1,500 457 1.1300 7.79 . I a..

1W 250 76 1 / 6296 121.55 315.39 2174.55 55.93
IW 251) 76 16.7588 115.,5,5 268.15 1848.83 49.31
2W 334 102 10.1020 69b5 254 19 1i/52.68 99 15
34N 440 134 6.4869 44 73 145.97 1006.43 07.34
4W 600 183 3.8944 26 W3 156.81 1081 1 1/ 116)
bW 835 255 2 409 15.45 109.5/ 75i. 4F6 11 / 64
6W 1 110 33' 1 /614 112.1'1 69.18 476.98 99-)3
7W 1,5)0 4b/ 1 .8289 12 61 h

1S 250 6 18/O70/) 120.98 .. ..

1s 25 /6 18 1589 125.20 43:3 29 298/.43 34 1

2S 334 |0 1 1634o 80(21 233.19 164.23 7. 11)
'3s 441) 134 5 8732 410.41 1 87.91 1295 59 85 5i

4W 61)0 1 03 5/35 '464 14/.04 1 13.81 98(08

,8 2,5A', 3121 1!,94 A 1 12 193/. 118/6

) 33 1 :392 1( 61 '1.32 629 63 1 13 I

IS 1 41)1 5/ 1 i" 1M' 49 1W5 12i,88 j 16

11m i alile dio S!,i: f 'up I t,
St; Un, t ~ I, th d p, F t! iqui 1 8
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TABLE 7. Summary of Electronic Blasý and Air-Pressure Gauge Data.

Pos;tion Distance Impulse Duration,overpresture j Imue Drao,
identif ication ft m .. . . .si-ms k~d-nis ms

P-I-8 147 45 202.4528P 1395.86 1082.14 7461.09 22.94
P-2-B 147 45 2"15.1632 1483.49 1157.51 7980.75 13.33
P-343 147 45 235,5903 1624.33 1055.18 7275.20 12.10

P-4-B 147 45 ,. a a a

P-5-4 147 45 176.9481 1220.01 978.66 6747.62 17.95
P-6-8 147 45 290.5473 2003.25 1191.65 8216.13 14.32
P-7-B 147 45 241.3210 1663.84 948,48 6539.53 12,41
P-8-8 147 45 208.6601 1438.66 992.72 6844.56 1 13.44

P-1-D 147 45 213.6456 1473.03 1075.20 7413.24 17.78
P 2-C 147 45 229.5419 1582.63 1056.28 7282.79 16.12
P-3-D 141 45 276.4415 1905.99 858.56o 5919.56 8 .6 1b

P-2-E I47 45 273.5294 1885.91 1444.90 9962.23 15.48
P.3-E 147 45 241.9643 1668.28 1045.13 7205.91 15.56

P-134 134 41 87.9491 606.38 616.43 4250.13 42.94
P-147 M47 45 64.1722 442,45 475.07 3275.49 25.90
"P-167 167 51 43.2850 298.43 432.41 2981.36 34.22

F-RS-b 187 3 33.4 230.28 416.0 2868.22 37.8
F-TC-B 1837 37.2 256.48 410.3 2828.92 34.7

NOTE: P-1-B ih, i P-8 B : on wall of Igloo B.
P-1-D through P-3-D: or', wall of !gloe D.
P-2-E and P-3-E. on wall of Igloo E.
P-134, P-147, and P,167 at g.ound level at 134, 147, and 167 feet,
tespe! tively, nor vhwest of dornor center.
F-RS-B and F-TC-B: air-pressure gauges in eatth fill in Igloo B.

SPoor record.
b Based on incomplete, trace. Extrapolatior, to zuro overpressure would result

in fughr'r vahJt•s.
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of Woo10 B. (Flh. nhctric .quivalents for these plotted data are given in labl' 7.)
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TABLE 8. Summary of Accelerometer Data, Igloo B.

Time of Time of Maximuin

Position maximum Maximum maximum velocityb

identification acceleration, acceleration,g velccity, ft/sec n/sf t / sec-- /:
m sa msa

A -0 1 -8c.. .

A-02-B 2.5 395 8.5 23.6 -,.2

A-03-. 3.1 151 8.0 18.2 5.5
A-04-B 1.7 213 5,5 15.1 4.6

A-05-B 0.4 241 5.3 15,9 4.8

A-,6-8- 3.3 208 10.3 23.0 7.0

A-07-B 2.5 238 9.6 21.8 6.6

A-08-B 2.8 140 10.0 20.1 6.1

A-09-B 0.6 214 10.0 16.6 S.11

A-10-B 1.9 224 10.3 13.3 4.1

A-I 1 -B 0.3 197 2.8 7.0 2.1

A12-B 1.5 142 4.1 1 9.1 2.8

a Elapsed time from first indication of accelerometer nrotion to

event described.
b Velocity was derived from an 31gebraic summation of positive and

negativ, accelerations multiplied by the time values to the indicatnd time

of maximum velocity in ros.

"c Record showe.d many oscillations including three plus peaks and

two minus valleys of more than 8009 and with durations from 0.8 to 2.0

nrs in the first 10 ms. Record not plotted in Figuie 25

,.1
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TABLE 9. Summary of Earth-Pressure Gauge Data.

Distance from center of donor in each case was 187
feet (57 meters).

Position Maximum Impulse Duration,
identification - v._rprissu s kPars m

-- 1-8 psi kP_

F - 1- 8 0.86 5 .93 . . . a

-- .-2-8 ,18 1.24 .

F-3-B .36 2.48 1.53 10.6 9.21

F-4-8 0.21 1.45 0.72 4.9

< SCe FiiLrc 27

8 0 .01

1.2

L40.. 0

.'O 0e

0.

16.0

S0.32

-J.- - 0.24

-- • F1-- q

-- -- w o.0

H t-- .0 :".0

F3, 0.

H U

0

C., I•, -) 211

.- ,i, i, -• . C

II'
II

IV)

z- - . - '. -.'-.- - --- . -- .-
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TABLE 10. Summary of Linear Motion

Gauge Data.

Maximum Maximum
Position Time, distance velocity

identification ni? in. mm ft/sec rn/s

L-1-B 21.65 3.01 76.5 17.5 5.3

L-2-B 18.23 3.22 81.8 18.3 5.6
L 3-B 18.22 2.81 71 A 17.8 5.4

L-5-B 28.78 3.64 92.5 19.9 6.1

L-6-B 18.72 3.13 80.0 17.8 5.4
L.7 B 17.38 3 29 83.6 24.0 7.3

L-843 25.51 4.09 103.! 24.8 '.6
L-9-8 13.48 1.85 470 16.2 4.9
L 1 - 12 12 4.83 172.ý7 36.3 11.1

1 2-0 13.24 4.68 118 ) 37.3 11 4

I 34[) 8.5b , 2.83'^i /1 !) 39 11 9
1L 10.67 4.A3 2.1 . ,2 3 1.

1 2 5.83 4.6 (A 1111) 7 9 04 1
3 L[ 13.36 14 , 1118.9 368. 11.2

No I tT I I Hii I 10 , f, ll-,,kq! 1, kHI o f Ik I B.

meS Ir m rillTo j. i

t, NJ {l'3, h v I',} J J !i( -ld i l t, I .. • {} • 1
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FIG(LAU, 32. Post-'Fe~t Aerial Vic SI wkw C rater and Discolo-atiun of Si rroundinv, Surface. igloo is iat top center.
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FIGUJRE 36. Post I est Vim ot 1)isttirh II t Fi ll li chIind lle lv, ill of lIgloo B. (Nq!.L1,111, 18924 8)
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[IGURF: 38. flsP'-cst viewv () orayo B at Junction With Floor (N eg. LIft. 189247)
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FIGUI R 42. C'lose-uip View,) ilg phi Show\ifllz (olipmed 1
)oii Piiilo(tV~ ter ii froint
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FIGURE, 44. Cracks on Inside Surface of HezdwaU in Igloo D. (Neg. LHI, 189272)
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2Naval Ai. Syvstemis C ommand (AIR-954)
2 ('ie; )t Naval Opev:itions

OP-41I ( 1
O41I F, J, W, Conn~elly (I)

4 Naval Sca Systemns Command

SI A\40333 (I)I
SFA-0411. C. P). .Jones (I)

SFA*Ot)G32 (2)
1 Nava; Co nst rue; ju Batt alion Cenlter, Port Huenerme (Civil

Enginerierng L aho't orv, J N. Mlerri t io, Cod;e L51I)
I Naval Lx plosive Or'I u- ii e Disposal Facility, Indialn Head

(Code I))
I Naival Suiii ce Weapous Cewcr, 1)ahigrerm -a horatork Dahigreni

(IDT- 2 3)
1 Nav'al Surface Weapoics Center, White Oak (WR 10)
I Naval Weapon1S Sup1jport CenterF, Crane (NAPFC)
I laeuýdquarters. ýi S. Armny (DAMO-ODC, (C01, G. G. Watson)

I)AFN-MCIK-i. R. I.. Wight (I

I Ot mic- (mel (t'o Rc'eareli mid lDev(,iopmnent (DAMA-(SM-CA I
Ariri, Armameitin C'oimmaind, Rock Island] Arsenal (DIRSAR-SA)

I Army Mate cij ')cvt'lopmijtt and Readiness (',d mitlu (DRCSF. W. G. Quenic-1
Abeileen !rvI5(wroinl (t )tIee (, thje Pliogiami Manlager !o

IDe!niiijuao~t-im mtid hi taFki;tikmi Resrtoratiioi. I)RXI)(- I)
IAntic Bahlds 1, RCseAI, hn I ahinatotirne Abi~edeeii Proving (Groinid

(I)RXHIV-I I , ( N Kilig~inv)

I Anmn luglmljeet WiA atcxii\ 1-xpemiwxnc1 Station. Vkshurg, (WI.SMS .i. Mi. Wait)
I Of ti-e of ril, histwc~i Geiterit id Aiulitoi (,ceuen ! MAI) GSfl)

I I'ikattirni Ai~cvml IS.AlP\N1I D))

I Ali I i1ýe H,~ed (i oi (1t-)

R- I M ('1W

I AiT I oie L.;n.. tihi~mi, IKint~irl An loin Kim5 MIAi,

I . It, Pc-, sti)

I Nor,m Ai t Iu li,v BaIN (I )'Ace t) CI Vl), ( 'I Mve JCmlI)

1 A-,inetmi It I 'cnCfle c, v 1&1 iT. 1)11) It i ci .-A
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1 1,. ,g•t .scarch and Develkpment Administlatiofl, AlbuitierqV (ODI)

I Exiergy Reseavt and D)evelopmlent Administration, Wash :'gton

J Euicau of ,.ires, Pittsburgh (Di. Robert W. Van I.ldah, Resea:ch

)Duectoi, Pittsburgh Mining & Saiety Research Center)

I Agbabian Asa;ocates, El Segundo, CA (Dr. D. P. Reddy)

I Black & Veatch Coysul)ting Engineers, Kansas City, MO
,i ~ (H, L C2alahaii)

institu,'" of Makers of Exp~os:,ves, New York, NY (Harry Hampton)

1 LTovclacv Foundation. Albuquerque, NM (Dr. E. R. Fletcher)

I Mas•ovi & nger-Silas Mason Co., Inc., Amarillo, TX (Directorj of Dc•vce nhefln)


